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150 cells in the disc columnar epithelium that expressFirst Seduction,
the FGF ligand branchless (bnl-FGF).then Transfiguration In response to FGF signaling, the migrating tra-
cheoblasts extend actin-based filopodia or cytonemes
toward the source of bnl-FGF. Furthermore, as the ex-
pression of a constitutively active btl-FGFR leads to the
Members of the fibroblast growth factor (FGF) family formation of shorter than normal filopodia, it appears
contribute to various cellular processes. Recent reports that regulated receptor activity is required to coordinate
elucidate the involvement of FGFs as chemoattractants the reorganization of the cytoskeleton so that the filo-
that influence diverse cellular events such as imaginal podia extend in a directed manner. These findings
patterning in Drosophila and gastrulation in amniotes. suggest that the filopodial extensions potentiate long-
These studies underscore the enticing activity of FGFs distance signaling, bringing the receptors in closer prox-
and raise interesting questions regarding subsequent imity to the signaling source and thereby facilitating
transformations in cellular identity. directed cellular movement. Clearly, it will be of interest
to determine if other signaling molecules induce the
Cuticular structures of adult Drosophila arise during pu- formation of filopodia and whether these structures ac-
pal development from the metamorphosis of the imagi- tually function to stimulate the signaling process as sug-
nal discs. The imaginal discs are set aside in the embryo gested (Ramirez-Weber and Kornberg, 1999).
as a small group of 10–20 cells (Cohen, 1993). Unlike The genital disc contains primordia from the A8, A9,
other embryonic cells, these cells remain undifferenti- and A10 abdominal segments. The female and male
ated. As they grow, discs become a flattened sheet of genitalia are derived from the A8 and A9 primordia, re-
columnar epithelial cells. The proximal end of the disc spectively, and the analia in both sexes are derived from
is connected to the larval epithelium by a group of adepi- the A10 primordia (reviewed in Vincent et al., 2001).
thelial cells of mesodermal origin. Recent findings suggest that the doublesex (dsx) gene,
Extensive genetic and molecular analysis led to the which encodes sex-specific isoforms of a transcription
idea that the epithelial cell sheet is first divided into factor, is responsible for directing the sex-specific pat-
anterior and posterior compartments, and subsequently terning of the genital disc. If the expression of dsx in
subdivided into dorsal and ventral compartments (Law- the A/P organizer is switched inappropriately from one
rence and Struhl, 1996). Signaling between and within sex-specific isoform to the other, this is sufficient to
these compartments determines what morphological alter the development of the remainder of the disc even
patterns are generated when disc cells begin to differen- if the cells outside of the organizer continue to express
tiate. In this view of disc development, the essential the appropriate Dsx isoform. While searching for down-
patterning information is generated by a cross-commu- stream targets of the dsx gene, Ahmad and Baker found
nication network between cells in the epithelial mono- that both the bnl-FGF and btl-FGFR are expressed in
layer, and this sheet of cells functions as an “autono- the male but not the female genitalia primordia. The bnl-
mous” unit. Moreover, the disc cells, and these cells FGF-expressing cells are located at the base of two
alone, would be responsible for generating the appro- bilateral bowl-like foldings in the disc columnar epithe-
priate adult structures. lia. The btl-FGFR-expressing cells are clustered on the
This longstanding model of autonomous disc devel- surface of these bowl-like folds; however, unlike the bnl-
opment is challenged by two recent studies on the de- FGF cells, they are not derived from the disc epithelium
velopment of the wing disc and genital disc (Ahmad and itself. Rather, like the findings of Sato and Kornberg,
Baker, 2002; Sato and Kornberg, 2002). The studies of the btl-FGFR-expressing cells found on the surface of
Sato and Kornberg focus on the development of the air the genital disc migrate from the mesodermal adepithe-
sacs in the adult thorax of Drosophila, which aerate the lia. Arguing that FGF-signaling plays a pivotal role in
flight muscles. The authors show that the air sacs are recruiting the adepithelial cells into the bowl-like folds
derived not from the disc but from a small cluster of of the male genital disc, Ahmad and Baker show that
cells of adepithelial origin. Unlike most adepithelial cells, adepithelial cells can be induced to migrate toward ectopic
there is a small group of tracheal cells that expresses sources of bnl-FGF. Strikingly, although the btl-FGFR-pos-
the FGF receptor, breathless (btl-FGFR), but not twist, itive cells are of mesodermal origin and initially express
a mesodermal marker, or htl-FGFR, the other FGF recep- the mesodermal marker twist, they gradually lose their
tor. During the third instar period, these btl-FGFR-posi- mesodermal identity and take on characteristics of epi-
tive cells bud from this tracheal branch, begin to prolifer- thelial cells. Moreover, like the adepithelial-derived cells
in the wing disc, they give rise to structures that encloseate, and migrate posteriorly toward a group of about
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lumens, the vas deferens and paragonia. Critical to the and subsequent chemoattraction exerted by FGF4. In-
terestingly, the migratory path followed by a cell appearsformation of these male-specific genitalia structures is
the sex-specific activation of the fly FGF pathway in to depend on its position along the A/P axis, which in
essence determines the extent of chemorepulsion andthe genital disc. Indeed, the expression of the signaling
molecule bnl-FGF by the disc cells in the two bowl-like chemoattraction. Supporting the pivotal role of FGF-
dependent signaling in cell migration, expression of thefolds appears to be under the cell-autonomous control
of dsx, being repressed in female discs by DsxF. In con- dominant-negative form of the FGF receptor or applica-
tion of the FGFR1 receptor inhibitor disrupts gastrulationtrast, expression of the receptor btl-FGFR in the adepi-
thelial cells is apparently sex nonspecific. It will be inter- movements and primitive streak regression.
It is noteworthy that in different developmental con-esting to examine if the expression of bnl-FGF by male
(DsxM) genital disc cells can induce female (DsxF) adepi- texts, FGF is used as an attractive signal to induce
FGFR-expressing cells from one tissue-type to migrate,thelial cells to migrate into the disc, proliferate, and then
go on to differentiate. proliferate, and ultimately associate with the FGF-
expressing cells of another tissue type. Moreover, inIt is striking that FGF-dependent cell migration also
appears to play a critical role in the development of some of these cases the migrating cells seem to take
on a rather different fate in their new environment. How-the male genitalia in the mouse. Under the inductive
influence of a long-range signal that is activated by the ever, it is possible that FGF itself is not sufficient to
direct the migrating cells to follow new pathways oftestis determining factor Sry, somatic cells of myoid and
endothelial origin from the mesonephros migrate into development and other signaling molecules contribute
to this “transfiguration.” It is also not clear to what extentthe gonad and subsequently form the testis chord. Sig-
nificantly, as in flies, the migratory signal produced by the migrating cells are “preprogrammed.” For example,
the mouse gonad also seems to be a FGF family member would the adepithelial cells from the wing disc differenti-
Fgf9 as Colvin et al. (2001) have demonstrated that Fgf9, ate appropriately into vas deferens and paragonia if they
encodes an sry-dependent chemoattractant that can were somehow transposed to the male genital disc?
induce mesonephric cell migration. Similarly, is the proliferation of the migrating cells critical
These papers describe two of the numerous different to their change in fate? These questions are also perti-
developmental contexts in which members of the FGF nent in other cases where cells, for example, the heama-
family act as a chemoattractant. A paper published in topoietic stem cells from the bone marrow, are induced
this issue of Developmental Cell (Yang et al., 2002) illus- to enter a new microenvironment, such as the liver or
trates yet another: a role for FGF4 during gastrulation muscle, and then take on an entirely new fate and be-
in the chick embryo. In early gastrulating chick embryos, come incorporated into these tissues (Blau et al., 2001).
the primitive streak is formed by thickening of epiblast
cells at the posterior, which eventually extends toward
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